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Abstract
Bilateral aspiration of the dorsal hippocampus produced
a disruption of blocking of the rabbit's nictitating membrane
response in Kamin's two-stage paradigm (Experiment 1), but
had no effect on the formation of a Pavlovian conditioned
inhibitor, (Experiment 2).
The results of Experiment 1 indicated that cortical,
lesioned and normal animals given conditioning to a light
plus tone CS, gave CRs to both the light and tone during non-
reinforced presentations of each (test phase). If, however,
compound conditioning was preceded by tone acquisition,
only the tone elicited a CR during testing; that is, blocking
was observed. In hippocampal lesioned rabbits, however,
CRs were given to both the light and tone during testing
whether or not compound conditioning was preceded by tone
acquisition.
The data from Experiment 2 showed that hippocampal
lesioned rabbits could discriminate as well as cortical,
lesioned or normal animals between a light (CS+) and a light
plus tone (CS-). In addition, when the inhibitory tone was
subsequently paired with the UCS in retardation testing,
animals in all three lesion conditions acquired the CR at
the same rate. Thus, it appears that hippocampal lesions do
not disrupt the conditioned inhibition process.
iii
The results of these experiments were taken as support
for the view that the hippocampus is responsible for tuning
out motivationally nonsignificant stimuli.
iv
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The hippocampal area of the mammalian telencephelon
has received a considerable amount of attention in recent
years. Much of this interest can be attributed to the
pioneering work of Scoville and Milner (1957) and Penfield
and Milner (1958) which showed a loss in the capacity of
humans to store new information after hippocampal ablation.
Early attempts to produce similar memorial deficits in
animals, however, proved largely unsuccessful (e.g., Allen,
1940; Orbach, Milner & Rasmussen, 1960). In general, these
and numerous other studies examined the role of the hippo-
campus in both appetitively and aversively motivated learning
tasks and found that, depending upon the nature of the task,
hippocampal lesions produced either increments, decrements,
or no changes in learning but not a general memory or consol-
idation deficit.
While this failure to find a memory deficit in animals
has led to some difficulty in the interpretation of the human
data (see Isaacson, 1972, for a discussion of this issue),
it has also provoked fruitful lines of research designed to
ask what role the hippocampus plays in the control of behavior
As a result of this proliferation in research, several inves-
tigators have undertaken the arduous task of collating and
interpreting the hundreds of empirical investigations rela-
ting the hippocampus to behavior. Most of these reviews have
attempted to explain the role of the hippocampus in terms of
a unitary function. For example, the hippocampus has been
postulated to control: (a) olfactory functions, (b) visceral
activity (Papez, 1937), (c) recent memory (Scoville & Correll,
1973)
,
(d) motivation (Jarrard, 1973), (e) voluntary move-
ment (Vanderwolf, 1971), (f) cognitive maps (O'Keefe & Nadel,
1974)
,
and (g) behavioral inhibition (e.g., Kimble, 1968).
While evidence can be gleaned to support each of these views
(see Nadel & O'Keefe, 1974, for a review of the reviews),
perhaps the theory that has received the most interest, if
not support, is the notion that the hippocampus plays a fun-
damental role in behavioral inhibition.
The Hippocampus and Behavioral Inhibition
Several theoretical viewpoints have attempted to explain
the complex of behavioral changes following hippocampal des-
truction in terms of deficits in inhibition (e.g., Douglas,
1967; Kimble, 1968; McCleary, 1967). While each of these
theories professes that the hippocampus is essential to the
withholding of inappropriate behaviors, each accounts for
this deficiency in somewhat different terms. McCleary argued
that hippocampal lesions disrupt motor function. Douglas
suggested that the structure regulates sensory input by
gating nonreinforced stimuli out of the system. Kimble sim-
ply stated that the hippocampus governs a process analagous
to Pavlovian internal inhibition.
Considerable effort has been put forth to reconcile
3the various interpretations of hippocampal function; but the
issue remains largely unresolved. One problem facing research-
ers in this area has been the failure of theorists to specify
mechanisms whereby the hippocampus may take part in the process
of behavioral inhibition. Recently, however, Douglas (1972)
has posed a theory which specifies just such a mechanism.
According to Douglas, the hippocampus is essential in
assuring that stimuli which have no motivational significance
(i.e., no rewarding or aversive consequences) do not maintain
control over behavior. According to the model the hippo-
campus regulates what is attended to by modulating midbrain
arousal systems. Specifically, the hippocampus is responsible
for determining that a stimulus: (a) has been received, and
(b) is not followed by reward or punishment. The first func-
tion is thought to occur via cortical hippocampal interaction,
while the second is believed to be under the auspices of the
midbrain-hippocampal arousal system. Once this information
has been received the hippocampus acts as a nonreinforcement
register whose purpose is to prevent the nonmotivationally
significant stimulus from maintaining control over behavior.
The mechanism for behavioral inhibition, then, is for the
hippocampus to discharge downward and inhibit the reticular
core of the brain which in turn attenuates or blocks recep-
tion of the irrelevant stimulus by tuning it out.
Anatomical Evidence for Douglas ' Model
Several investigators (e.g., Cragg, 1965; Van Hoesen,
4Pandya, & Butters, 1971; Whitlock & Nauta, 1956) have reported
fibers from neocortex to entorhinal cortex; others have ex-
tended this path by tracing fibers from entorhinal cortex to
hippocampus (e.g., Hjorth-Simonsen & Jeune, 1972; Raisman,
Cowan, & Powell, 1965). In addition to these cortical-hippo-
campal pathways, reciprocal fibers connecting the limbic
system and midbrain are well documented (Guillery, 1956;
Nauta, 1956). Thus it appears that the Douglas model is ana-
tomically feasible.
Behavioral Evidence for Douglas ' Model
Behaviorally
,
removal of the hippocampus should be
disruptive in any situation which requires the organism to
tune out, and withhold responding to, a nonreinforced stimuli.
The findings from a number of experiments, employing a variety
of behavioral tasks, can be construed as supporting the idea
that the hippocampus serves this function.
Extinction
. Isaacson, Douglas, and Moore (1961) showed
that hippocampectomized rats, when compared with cortically
ablated or unoperated controls, exhibited a greater resis-
tance to extinction in an active avoidance situation. Kimble
(1967) reported similar results in a Y maze. In addition,
hippocampectomized rats trained on a CRF schedule emit more
responses than controls during extinction (Rabe & Haddad, 1968;
Swanson & Isaacson, 1967) and spontaneous recovery (Niki,
1965) of bar pressing.
5Discrimination Learning. Douglas and Pribram (1966)
reported data to suggest that although hippocampal animals
have no difficulty in learning tasks which require increased
responding in the presence of stimuli which have been asso-
ciated with reinforcement, they are greatly impaired in
behaviors which necessitate a decrease in responding in the
presence of stimuli which predict neither reward or punish-
ment. In one such experiment (Douglas & Pribram, 1966) a
two-choice brightness discrimination was presented to monkeys
(Stage I). The results indicated that hippocampal animals
learned the task as well as normals. In Stage II of this
study, each animal was presented with three possible stimulus
configurations: (A) the S+ and S- from Stage I, (B) S+ and
a novel stimulus, and (C) S- and a novel stimulus. When
presented with configurations A or B, both hippocampal and
normal animals showed a preference for the S+. When config-
uration C was presented, however, normal animals showed a
preference for the novel stimulus while hippocampectomized
monkeys responded equally to both stimuli.
The interpretation of these data was that normal ani-
mals acquired the discrimination in Stage I by both learning
to respond in the presence of S+ and learning not to respond
in the presence of S-. Hippocampals , on the other hand, ac-
quired the discrimination strictly by learning to respond in
the presence of S+. The authors attributed the failure to
6find any cifferences in rate of acquisition in Stage I to
the relative ease of the task. To account for the data in
Stage II, Douglas and Pribram suggested that in both con-
figurations A and B learning to respond in the presence of
S-H was a sufficient condition for behaving appropriately.
In configuration C, however, learning not to respond in the
presence of S- was necessary for the discrimination to be
formed and this is why it is here that animals with hippo-
campal lesions showed their deficiency.
In a related experiment (Douglas, et al
.
, 1969) monkeys
were taugh- a series of simultaneous brightness discrimina-
tions, eaci consisting of one S+ and a varying number of S-s
(each S-, however, was identical to the others). In the two-
choice problem hippocampals and normals, again, performed
about the same; but as the number of S-s increased, the per-
formance of lesioned animals deteriorated to about the chance
level while that of normals remained essentially unchanged.
This may be taken as further evidence that hippocampectomized
monkeys do not learn to withhold responding to nonreinforced
stimuli.
Reversal learning
. Consistent with the Douglas and
Pribram findings are studies which report that animals with
hippocampal lesions are impaired in discrimination reversal
even though the initial discrimination was readily acquired
(Kimble, 1967; Kimble & Kimble, 1965; Thompson & Langer,
1963). This difficulty in reversal learning was attributed
7to the fact that hippocampal animals could not "tune out"
the previously reinforced cue (SO even though it no longer
signalled reinforcement. Olton (1972) has further reported
that even when hippocampal lesions were preceded by extensive
reversal training the deficit was present.
Complex ma ze learning. Dennis and Sollenberger (1934)
suggested that complex maze learning is almost entirely
mediated by inhibition of entry into error pathways. Given
this interpretation, hippocampal animals should be greatly
impaired in learning this task. Several studies, beginning
with Kaada, Rasmussen, and Kviem (1961), have presented data
to support this view (e.g., Hostetter & Thomas, 1967; Jackson
& Strong, 1969). In addition, Jarrard and Lewis (1967)
reported that this deficit did not vary as a function of the
intertrial interval, this suggesting that it was not the
result of a general memory deficit.
Habituation
.
A variety of behavioral situations thought
to involve habituation are adversely affected by hippocampec-
tomy. For example, several studies have shown that animals
with hippocampal lesions continue to explore new environments
after control animals have ceased (Jarrard & Bunnell, 1968;
Leaton, 1967; Sengstake, 1968). Hippocampals have also been
shown to lever press at higher rates than controls for a
brief flash of light (Kamback, 1967).
A number of researchers have reported that hippocampal
lesions disrupt habituation of the cardiac component of the
8orienting response (OR), (Karmos & Gastryan, 1962; Sandwald,
et al., 1970), although others have found no deficit in the
habituation of the OR even though habituation of activity
to a novel environment was impaired (Jarrard & Korn, 1969).
Spontaneous alternation. When given consecutive trials
in a T maze, normal animals show a significant tendency to
enter opposite alleys on alternate trials. This spontaneous
alternation is thought to be due to habituation to the most
recently entered alley (Glazner, 1953). Given this inter-
pretation and the findings of other studies which indicate
deficits in habituation in hippocampectomized animals, hippo-
campal lesions should disrupt spontaneous alternation. In
fact, a substantial body of literature shows that animals
with hippocampal lesions do not alternate, but rather persev-
erate in their initial response (Douglas & Isaacson, 1964;
Kirkby, Stein, & Kimble, 1967; Leaton, 1967; Stevens, 1973).
Furthermore, this effect is robust in that it is readily ob-
served if damage is induced in either infancy or adulthood
or if the lesions are produced in one or two stages (Douglas
& Peterson, 1969)
.
Latent inhibition . While it can be argued that each
of the aforementioned situations entails inhibition of respon-
ding to a nonreinforced stimulus, a somewhat more direct
test of this hypothesis was carried out by Solomon and Moore
(1975). In this experiment, the effects of hippocampectomy
were evaluated in a latent inhibition paradigm. Latent
inhibition (LI) refers to the finding that a series of non-
reinforced preexposures to a stimulus retards conditioning
to that stimulus when it is subsequently paired with a UCS
(see Lubow, 1973; Weiss & Brown, 1974, for reviews).
There have been several recent experimental investiga-
tions of the latent inhibition phenomena in the rabbit nic-
titating membrane response (NMR) preparation (Reiss & Wagner,
1972; Siegel, 1972; Solomon et al., 1974 a & b) . In general
these studies support the conclusion from other conditioning
preparations (cf., Rescorla, 1971) that the retardation of
conditioning is attributable to the preexposed CS losing
salience through a tuning-out process that resembles habitua-
tion. Given this interpretation, the Douglas model predicts
that the hippocampus is critical to the formation of a latent
inhibitor. The Solomon and Moore study confirmed this pre-
diction. Specifically, they reported that while 450 tone
preexposures resulted in a decrement in conditioning for nor-
mal and cortical ablated rabbits, hippocampal rabbits showed
no such deficit. In fact, hippocampal rabbits showed slightly
superior conditioning when compared with nonpreexposed hippo-
campal ablated controls. Similar results have been reported
in a two-way active avoidance situation by Ackil et al.,
(1969)
.
Although the Solomon and Moore study appears to support
the view that the hippocampus acts as a nonreinforcement
10
register, before this conclusion can be drawn two alternative
interpretations must be ruled out. Specifically, since the
rate of conditioning is directly related to both the magnitude
of the UCS and the intensity of the CS (see Gormezano and
Moore, 1969, for a review), the finding in the Solomon and
Moore study that preexposed hippocampal animals conditioned
faster than preexposed corticals and normals might be attri-
buted to exaggerated responsiveness to the tone CS or exag-
gerated sensitivity to the shock UCS in hippocampals
.
Either of these alternatives becomes especially tenable
in light of Jarrard's (1973) proposal that the hippocampus
is involved in motivational processes. For example, McNew
and Thompson (1966) showed that hippocampal animals reacted
more vigorously to shock during acquisition of an avoidance
response. Blanchard and Fial (1968) reported differences
(though slight) in thresholds for jump, flinch, vocalization,
and crouching in rats. Specifically, hippocampal damaged
rats jumped at a lower shock level than normals, vocalized at
a higher level, and, in general, showed less crouching follow-
ing shock. Other studies have reported that hippocampal
lesions do not alter shock threshold itself, but do lead to
an "overreaction" to shocks which are well above threshold
(e.g., Schlosberg, Johnson & Lash, 1968). Based on these and
other studies, Jarrard concluded that hippocampal lesions
produce only small differences in shock thresholds per se , but
11
cause heightened reactivity to shocks that are above threshold.
The data on stimuli which are typically used as CSs
are similar to those on shock threshold. In general, experi-
ments which have tested reactivity to visual and auditory
stimuli indicate that hippocampectomized rats do not over-
react to light (Green et al., 1967; Kaplan, 1968) or tone
(Gotsick, 1969) stimuli unless these, too, are well above
threshold (Ireland & Isaacson, 1968).
To test the possibility that hippocampal lesions altered
the sensitivity to the CS or UCS, the Solomon and Moore study
included postacquisition threshold tests to the tone, and
tests of habituation and dishabituation to the eye shock UCS.
The authors reported virtually identical auditory thresholds
in hippocampal, cortical, and normal animals, suggesting that
the failure to find the latent inhibition effect among hippo-
campectomized rabbits is not related to an alteration in CS
threshold. Similarly, no differences were found as a function
of lesion type with respect to the rate of habituation or
dishabituation to the shock UCS. Insofar as these tests can
be taken as indices of shock reactivity, they suggest that
disruption of LI in hippocampals is not due to heightened UCS
sensitivity. Thus it appears that the failure to find latent
inhibition in hippocampectomized rabbits was due to their
inability to tune out the nonreinforced preexposed stimulus.
12
^^^P°^^ ^ Scope of the Present Investigation
Since earlier work in our laboratory supports the
view that the hippocampus is an integral part of a neural
system which governs the tuning out of nonreinforced stimuli,
the present investigation further examined the role of the
hippocampus in this process by investigating the effects of
hippocampal lesions on other behaviors in which such atten-
tional processes might occur. Specifically, the present
series of experiments examined the effects of dorsal hippo-
campal ablation on blocking and conditioned inhibition of
the rabbit's nictitating membrane response.
EXPERIMENT 1
Blocking was initially described by Palladin in 1906,
who was at the time working in Pavlov's laboratory (see
Razrin, 1965). The more recent interest in the phenomena,
however, is largely attributable to the work of Kamin (1968,
1969).
The typical blocking paradigm consists of a two-group
design as shown in Table 1. In Stage 1 the experimental
group is presented with Stimulus A paired with the UCS until
conditioning is well established. The control group is
simply placed in the apparatus with no CS or UCS presentations
During Stage 2 both groups are conditioned to a compound
consisting of A and a new stimulus, B. After both experimen-
tal and control groups show a high level of conditioning to
13
the compound, the test phase is introduced. During testing
both groups are presented with Stimulus B nonreinfcreed . In
general, it is found that while the control group exhibits
excitatory conditioning to Stimulus B, i.e., B elicits a CR,
the experimental group shows little if any responding to the
same stimulus. Apparently a prior history of reinforcement
to stimulus A "blocks" conditioning to B when the AB compound
is reinforced.
Empirical Demonstrations of Blocking
Kamin (1958), employing a version of the Estes and
Skinner (1941) conditioned emotional response procedure (CER),
demonstrated blocking of a light by a noise in rats. More
recently, several other investigators have shown blocking to
be both a reliable and a robust phenomenon. For example.
Gray and Appignanisi (1973), also using the CER procedure,
have produced the blocking effect as have Bakal, Johnson, and
Rescorla (1974). Similarly, blocking of a light by a tone
has been demonstrated in the rabbit NMR preparation (Marchant
& Moore, 1973).
In operant tasks which generally employ a discrimina-
tion paradigm to show blocking, the procedure is as follows:
in Stage 1 the experimental group learns a discrimination in
which responding in the presence of cue A produces reinforce-
ment; in Stage 2 both experimental and control groups learn
a discrimination in which both cue A and a new cue, B, predict
14
TABLE 1
KAMIN'S TWO-STAGE BLOCKING PARADIGM
STAGE 1 STAGE 2 STAGE 3 (test)
EXPERIMENTAL A+ AB+ B-
CONTROL AB+ B-
15
reinforcement
- that is, cue B gives redundant information;
finally, in Stage 3 animals are tested to see what, if any-
thing, was learned about cue B. a number of experiments usin
this or similar tasks have generally shown that in operant
as in Pavlovian situations the blocking effect is readily
observed (see Sutherland & Mackintosh, 1971, for a review
of the operant literature).
Attentional Theories of Blocking
Kamin (1968) originally suggested that in the blocking
procedure prior conditioning to element A causes the animal
"not to notice" element B when presented in compound with A.
The failure to notice B, then, would clearly preclude condi-
tioning to it. More recently, however, evidence to militate
against the failure to notice hypothesis has been presented.
Kamin (1969) reported data to indicate that animals in his
experiments do notice stimulus B on the first presentation
of the compound. Specifically, he reported that following
the pairing of stimulus A with shock, rats in the blocking
group exhibited a high level of conditioning. On the first
trial in which the AB compound was presented, however, the
magnitude of the CR was significantly reduced. As Kamin
pointed out, this clearly indicates that the animal attended
to stimulus B on at least the first presentation of the com-
pound.
In view of these findings both Kamin (1969) and
g
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Mackintosh (1973) have expoused the view that the animal does
in fact notice the redundant stimulus, but does not condition
to it since it provides no new information regarding the
reinforcing event. That is to say the motivationally signif-
icant event, shock, is already signalled by A and attending
to B has no adaptive value to the organism. There are
several lines of research which support this hypothesis.
Kamin (1969) reported a series of experiments in which
the UCS in Stage 2 differed from that used in Stage 1. In
one experiment the UCS intensity was raised during the second
stage. Since the compound now signalled new information, a
more intense shock, it was expected that each element would
take on excitatory properties, thus eliminating blocking.
The results of the experiment confirmed this prediction
(Kamin, 1969). Similarly, blocking was eliminated if a second
shock was presented five seconds after the delivery of the
UCS. Other experimenters (Bakal, Johnson, & Rescorla, 1974;
Mackintosh & Turner, 1971) also reported data which shows
that increasing the UCS intensity in Stage 2 disrupts blocking
In summary, then, there is substantial evidence to
suggest that in the two-stage blocking paradigm the failure
of stimulus B to take on excitatory strength is due to its
inability to predict a new motivationally significant event.
It has also been demonstrated that on the trial in which B
is first presented in compound with A, the organism attends
to B. This attention, however, is eliminated by subsequent
AB trials. Taken together, these two bits of information
suggest that some active mechanism is responsible for the
tuning out of stimulus B. It was the purpose of the pres-
ent experiment to determine if the physiological mechanisms
involved in this process are similar to those operating when
one stimulus is presented prior to conditioning and not rein-
forced as in latent inhibition. Specifically, the present
experiment examined the role of the dorsal hippocampus of
the rabbit in Kamin's two-stage blocking paradigm. It was
expected that if, in fact, the tuning-out process in this
situation is similar to that in latent inhibition, then
hippocampectomy should reduce the blocking effect.
The Rescorla-Waqner Model and Blocking
Rescorla and Wagner (1972) proposed a contiguity theory
of conditioning which explains blocking in terms of associa-
tive rather than attentional mechanisms. The model assumes
that a UCS or reinforcer can support only a certain amount
of conditioning. The specific amount is known as the asymptot
and referred to as A . When CS (A) is paired with the UCS,
the amount of associative strength ( Av^) that the CS can
acquire on any particular trial is a function of two variables
\y and the amount of associative strength CS (A) already
possesses at the beginning of the trial addition,
since CSs of different salience will alter the rate of
18
conditioning, a parameter exists which takes into account
varying CS intensities. This parameter, known as o< , is
restricted to taking values between 0 and 1. Similarly,
different UCSs alter the rate of conditioning and the model
takes this into account by including a parameter ^, which
is roughly indicative of the magnitude of the UCS. Like
P can take on any value between 0 and 1. The model for any
trial, then, is as follows:
In essence, this model differs little from earlier
continuity theories of learning (e.g., Hull, 1943). To ex-
plain blocking, however, the Rescorla-Wagner model makes one
additional assumption and it is here that it departs from
previous mathematical accounts of conditioning.
Early conditioning models (e.g., Hull, 1943) have
implied that if several CSs are concurrently presented on a
particular trial (e.g., stimuli A & B) then the associative
value of each component will be modified until each reaches \.
Rescorla and Wagner assume that the associative value of each
component will be modified only until the collective value
of the compound reaches /L. It follows then that if compound
AB is paired with a UCS the change in strength to each com-
ponent will be taken as a function of V^^ and not that of the
individual stimuli. The equations here are:
19
where: V^^.
In the blocking procedure, if CS^ is conditioned to
asymptote in Stage 1, then when Stage 2 is entered V
„ shouldAB
already be high due to the contribution of V • hence there
should be little opportunity for to be incremented. Con-
sequently, CSg takes on no excitatory strength.
While the Rescorla-Wagner Model can account for most
of the behavioral data on blocking (e.g., Marchant & Moore,
1973), it may have some difficulty accounting for the possible
elimination of blocking by hippocampectomy
. Specifically,
the model incorporates only one mechanism whereby hippocampal
lesions could disrupt blocking: by raising the asymptotic
value of the UCS. If this occurs, it is possible that animals
with hippocampal lesions will not readily achieve the
asymptote of the UCS during initial conditioning to CS. in
Stage 1. To test this possibility, acquisition of the CR to
the tone CS in Stage 1 was monitored. If hippocampal lesions
raise /^then: (a) the acquisition curves for animals with
hippocampal lesions should be steeper than those for cortical
damaged or normal rabbits, and (b) the total number of CRs
to tone should be greater for hippocampals than for cortical
or normal controls.
20
Method
Animals
The subjects for this experiment were 30 experimentally
naive male and female New Zealand albino rabbits ( Oryctolaaus
cuniculus ) weighing between 2.8 and 3.2 kg at the time of
surgery. Animals were individually housed and maintained on
food and water ad libitum
.
Surgery
Animals in the hippocampal groups were anesthetized
via an intramuscular injection of chlorpromazine (4 mg/kg)
followed one hour later by sodium pentobarbitol (22 mg/kg)
injected intravenously through the marginal ear vein. Follow-
ing subcutaneous injections of a local anesthetic (Xylocaine)
across the scalp, the animal was placed in a Kopf headholder
and the skin and fascia were removed to expose the skull.
By using a drill and rongeurs, holes were opened bilaterally
which extended from 2 mm posterior to bregma to 2 mm anterior
to lambda in the rostral-caudal plane, and 3 mm off the mid-
line to 1 mm medial to the temporal bone in the medial-lateral
plane. The dura was then incised and retracted and the
underlying cortex, corpus callosum, and hippocampus were
removed by gentle aspiration. Special care was taken not
to damage the head of the caudate nucleus or the dorsal
thalamus. After bleeding had stopped, the wound was packed
with Gelfoam which had been soaked in Thrombin. Neosporin
21
was then applied to the skull to help combat infection and
the incision was closed with wound clips. Finally, to further
aid in combating infection all animals were given intramus-
cular injections of Bicillin (300,000 units) 24 hours prior
to surgery and again 48 hours post-surgery.
Animals in the cortical lesioned groups underwent an
identical procedure except that only the cortex and corpus
callosum were removed.
All animals were given a minimum of 21 days to recover
before the onset of behavioral training and testing.
Apparatus
The apparatus and methods used to condition the rabbit's
nictitating membrane response are essentially those described
by Gormezano (1966). Basically, four animals were run simul-
taneously in individually ventilated and sound attenuated
chambers. A panel in front of each chamber housed two lights,
each mounted behind a translucent milk white screen, and a
speaker which was used to deliver the tone CS.
Each rabbit was restrained in a Plexiglas box with an
adjustable plate and ear clamp securing the head, and a
second plate placed over the animals back to restrict general
movement. A small nylon loop was sutured through the right
NM and attached to the shaft of a minitorque potentiometer
(Conrac 85153) which was mounted on top of the animals head.
In this way lateral movement of the NM was transduced into
a dc signal which was subsequently recorded on a Grass model
5D four channel polygraph located in an adjacent room. A
conditioned response was defined as a pen deflection of at
least 1 mm (corresponding to a NM movement of less than 1 mm)
occuring in the CS-UCS interval.
The CSs employed in this experiment were either a 76 dB
SPL, 1200 Hz tone, a 6.0 vdc light, or a compound consisting
of both. The duration of the CS was a constant 450 msec.
The UCS was a 2-mA shock of 50 msec duration delivered via
two stainless steel wound clips implanted superficially in
the skin: one immediately below and the other immediately
posterior to the right eye. The intertrial interval was a
constant 30 seconds and the interstimulus interval remained
450 msec throughout.
Procedure
Following suturing of the right NM all rabbits were
habituated to the restraint of the apparatus for 50 minutes
on Day 1. Half of the animals in the hippocampal, cortical,
and normal groups were randomly assigned to either a blocking
or control group. Thus the experiment consisted of a total
of six groups (5 subjects per group) comprising a 2 X 3
factorial design. The groups were: Hippocampal Sit Control
(H-SIT), Hippocampal Blocking (H-BLO), Cortical Sit Control
(C-SIT), Cortical Blocking (C-BLO) , Normal Sit Control (N-SIT),
and Normal Blocking (N-BLO) . Animals in the blocking groups
were given 100 conditioning trials per day to the tone CS
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until two consecutive days were recorded in which CRs
occurred on 90% or more of the trials (either 3 or 4 days of
tone acquisition). Animals in the control groups simply sat
in the apparatus with no CS or UCS presentations for a
corresponding amount of time.
During Stage 2 animals in both the experimental and
control groups received five days of conditioning (100 trials
per day) to a compound CS consisting of the tone from Stage
1 and a light. On the day following completion of Stage 2,
testing began and proceeded for two days. Each day consisted
of 50 light (nonreinforced) and 50 tone (nonreinforced
)
trials presented in an unsystematic order.
Shortly after the conclusion of testing, operated ani-
mals were sacrificed by sodium pentobarbitol overdose and
perfused intracardially with 0.9% saline followed by 10%
formalin solution. The brains were removed, stored in forma-
lin, and subsequently embedded in low viscosity nitrocellulose.
Coronal sections were taken through the extent of the lesion
at 40 At the most anterior and posterior aspects of the
lesion every second section was mounted, while every fourth
section was mounted in the central portion of the damaged
area. All tissue was then stained with cresyl violet.
Results
Histology
Examination of brain sections for both Experiments 1
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and 2 revealed that all animals in the hippocampal groups
sustained virtually complete bilateral destruction of the
dorsal hippocampus. Although the postero-ventral portion of
the structure was spared, isolation of the hippocampus from
the fornix was achieved since the fimbria were bilaterally
sectioned in all cases. It should be noted, however, that
this does not preclude the possibility of the ventral hippo-
campus interacting with other structures via the hippocampal-
entorhinal path (Hjorth-Simonsen, 1971).
Damage to structures other than the hippocampus and
overlying cortex was minimal. Two animals sustained unilat-
eral damage to the head of the caudate nucleus. One animal
exhibited a unilateral depression of the caudate due to the
formation of scar tissue and one animal showed a similar
unilateral depression of the dorsal thalamus.
Animals in the cortical groups generally showed more
damage to the cortex than did hippocampal animals. In only
one case did a cortical lesioned animal show damage (unilateral)
to the hippocampus. This rabbit, however, did not behave
differently than other animals in the same treatment condi-
tion. Reconstructions showing the minimal and maximal extent
of the lesions are shown in Figure 1.
Blocking
Table 2 shows the mean total number of responses to
light and tone for each of the six experimental conditions.
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FACE PAGE FOR FIGURE 1
Figure 1. Reconstructions of the lesions sustained by
cortical (left) and hippocampal (right) animals.
The solid and striped areas represent the
minimal and maximal damage respectively.

TABLE 2
TOTAL NUMBER OF CRs TO LIGHT AND TONE DURING TESTING
Group Light Tone
H-BLO 302 348
H-SIT 223 250
C-BLO 120 413
C-SIT 261 294
N-BLO 65 405
N-SIT 201 326
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Since the absolute number of responses emitted during testing
varied across animals, a ratio in which the number of CRs
emitted to light during the test phase was divided by the
total number of CRs (L/L+T) was used as the measure of block-
ing. Thus a score below .5 indicates less responding to
light than tone (i.e., blocking); a score above .5 indicates
more responding to light than tone; and a score of .5 is
indicative of equal amounts of responding to each CS.
Figure 2 depicts the mean suppression ratios for animals
in each of the six experimental groups. Both cortical and
normal animals showed blocking as indicated by lower ratios
in rabbits given tone conditioning in Stage 1 (Groups C-BLO
and N-BLO) than those in the corresponding sit control groups
(Groups C-SIT and N-SIT). In hippocampal lesioned rabbits,
however, the blocking effect was not present. Hippocampal
lesioned rabbits in both the blocking (H-BLO) and control
conditions (H-SIT) exhibited identical mean ratios.
A two-way analysis of variance (ANOVA) on the mean
ratios revealed significant lesion (F=14.59, df =2/24
, £ <.001)
and treatment (F=27.25, df=l/24, £ <.001) main effects as
well as a significant interaction (F^=5.82, df=2/24
,
£^.005).
A test of simple effects indicated that the significant
Lesion X Treatment interaction was a result of the failure
to find the blocking effect in hippocampectomized rabbits.
Specifically, a comparison between hippocampal and cortical
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FACE PAGE FOR FIGURE 2
Figure 2. Mean number of responses given to light divided
by the mean number of responses given to light
and tone during the test phase for each of the
experimental groups.
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animals revealed a significant Lesion X Treatment interaction
(F=10.6, df=l/24, £<.01) as did a comparison between hippo-
campals and normals (F=9.88, df=l/24, £<.01). When normals
and corticals were compared, however, no significant inter-
action was found (F=<1, df_=l/24, £>.05).
The finding of a significant lesion-type main effect
also appears attributable to the increased ratio in Group
H-BLO. Newman-Kuels pairwise comparisons, which collapsed
across treatment conditions confirmed this observation by
indicating that hippocampal lesioned animals exhibited sig-
nificantly higher ratios than either corticals (£<.01) or
normals (£^.01).
Tone Acquisition
Acquisition curves for the three days of conditioning
to the tone CS are shown in Figure 3.
To determine if lesion type had any effect on either
the rate of acquisition or the total number of CRs emitted
during acquisition, an ANOVA was conducted in which lesion
type served as a between groups variable and trial blocks as
a within groups variable. Since all animals were responding
at virtually 100% by acquisition Day 3, only data from Days
1 and 2 were analyzed. Results of the analysis indicated a
significant blocks effect (F=23.83, df=9/108, £ <.001);
however, no differences were found as a function of lesion
type (F=<1, df = 2/12, £>.0 5) or the interaction of the two
variables (F=1.06, df=18/108, £).05).
Inspection of Figure 3 shows that the significant
blocks effect resulted from an increase in the number of CRs
as the number of CS-UCS pairings increased. Of greater
importance, however, is the failure to find a significant
lesion main effect or Lesion X Block interaction. This
suggests that neither the total number of CRs, nor the rate
of acquisition of the CR varied as a function of lesion type
Light + Tone Acquisition
Figure 4 depicts the rate of acquisition to the light
tone (LT) compound in Groups H-SIT, C-SIT and N-SIT. Ani-
mals in the blocking groups are not included in these curves
since prior conditioning to the tone during Stage 1 caused
them to respond at virtually 100% throughout LT conditioning
An ANOVA, which treated blocks as a within groups variable
and lesion type as a between groups variable, was conducted
to determine if rates of acquisition or total CRs differed
as a function of lesion type. As in the case of tone ac-
quisition, since all animals were responding at 100% by Day
3, only data from the first two days were analyzed. Results
of the analysis yielded exactly the same set of statistical
decisions as those for tone acquisition: a significant
blocks effect (F=20.48, df=9/108, £<.001), but no reliable
differences as a function of lesion type (F=2.21, df =2/12
,
£>.05), or the interaction of the two variables (£=1.32, df
18/108, £),05). This suggests that as in the case of tone
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FACE PAGE FOR FIGURE 3
Figure 3. Mean percent conditioned responding to the tone
CS for hippocampals
,
corticals, and normals
in the blocking condition over the first three
days of training in Stage 1.
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Figure 4. Mean percent conditioned responding to the
light plus tone CS for hippocampals
,
corticals,
and normals in the sit control condition over
the five days of conditioning in Stage 2.
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acquisition, LT conditioning is not affected by hippocampal
or cortical lesions.
Extinction
To determine if the total number of CRs given to the
tone during the two days of testing varied as a function of
lesion type or treatment condition, a two-way ANOVA was per-
formed. The results indicated that animals in the blocking
groups gave significantly more CRs than their sit control
counterparts (F = 5.91, df_=l/24, £<.025); however, this trend
did not vary as a function of lesion type as indicated by
the failure to find a significant Lesion X Treatment inter-
action (F_= ^1, df=2/24 , £>.05). Furthermore, while animals
in both the normal and cortical groups gave more CRs than
rabbits in the hippocampal groups (X=73.1, 70.7, and 59.8,
respectively), these differences did not approach statistical
significance (F=1.02, df.= 2/24, £).05).
Discussion
The major findings of this experiment are: (1) hippo-
campal lesions greatly reduced the blocking of a light by a
tone, (2) acquisition of a tone CS or a light + tone CS were
not significantly affected by hippocampal lesions, and
(3) extinction of the CR to the tone CS was not significantly
affected by hippocampal lesions.
The finding that hippocampal lesions disrupt blocking
is generally consistent with the idea that the hippocampus
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is part of a neural system responsible for tuning out motiva-
tionally nonsignificant stimuli. Prior work in the rabbit
NMR preparation (Solomon & Moore, 1975) indicated that
hippocampal ablation disrupts the tuning out of a nonrein-
forced preexposed stimulus. Specifically, the authors
reported that although preexposure to a tone CS retarded
subsequent conditioning of the NMR in cortical lesioned
and normal rabbits, this effect was not present in animals
with hippocampal damage. To explain these results Solomon
and Moore suggested that in normals and corticals, since
the tone did not predict a motivationally significant event
during the preexposure stage, it underwent a loss of salience
due to a tuning out process resembling habituation. In
hippocampal lesioned rabbits, however, this process was dis-
rupted. The present experiment extends findings to the case
of a compound CS in which one of the elements is redundant
and like a preexposed stimulus has no motivational signifi-
cance. Specifically, in Stage 2 of the blocking paradigm
both elements of the LT compound predict the occurrence of
the UCS. Due to prior conditioning of the tone in Stage 1,
however, the light serves as a redundant cue. Thus, since
the light gives no new information regarding the UCS, it
should be tuned out much in the same way a preexposed stim-
ulus is. The data from animals in Groups C-BLO and N-BLO
indicate this to be the case for cortical lesioned and normal
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rabbits. Specifically, both cortical and normal animals
(Groups C-BLO and N-BLO) given tone conditioning during
Stage 1 exhibited significantly less conditioning to the
light in Stage 2 than sit controls (Groups C-SIT and N-SIT).
This is evidenced by significantly lower ratios for animals
in the blocking groups. Comparison of the data from groups
H-BLO and H-SIT, however, indicates that the blocking effect
was not present in hippocampal lesioned animals. This sug-
gests that in hippocampal rabbits the redundant light was
not tuned out even though it had no motivational significance.
The data on tone and light + tone acquisition lend
little support to the idea that the deficiency in blocking
shown by hippocampals was due to an increased asymptotic
value of the UCS ( ^ ) as the Rescorla-Wagner Model would de-
mand in order to account for the blocking data. While exam-
ination of the tone acquisition curves (Figure 3) for hippo-
campals, corticals, and normals suggests that hippocampals
conditioned at a slightly faster rate than corticals, analy-
sis of these data indicated that these differences did not
approach statistical significance. In addition, the depressed
tone acquisition curve for cortical lesioned rabbits is
largely attributable to one rabbit, C-4, who did not give a
CR until Block 4 of Day 2. If not for the retarded acquis-
ition of this rabbit, acquisition curves for corticals would
be similar to those for hippocampals and normals with at
least 94% conditioned responding from Block 3 of Day 1 on.
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The acquisition data from LT conditioning lend further
support to the idea that hippocampal lesions did not elevate
^. Once again no reliable differences were found in either
the rate of conditioning of the CR or the total number of
CRs emitted. In contrast to the data on tone acquisition,
however, examination of the LT acquisition curves suggests
that corticals and not hippocampals showed slightly faster
conditioning although not significantly so.
Finally, the data on extinction may also be taken as
evidence that 'X was not affected. If hippocampal lesions
had raised the asymptotic value of the UCS, the associative
value of the CS would also have been raised, and this should
have produced more responding for hippocampals during extinc-
tion. This was not the case. In fact, hippocampals gave
fewer responses, although not significantly so, than either
corticals or normals.
The finding that hippocampal rabbits did not condition
faster than controls is consistent with previous data from
our laboratory (cf., Solomon & Moore, 1975), but inconsistent
with the only other published study which examined the
effects of hippocampectomy on conditioning of the rabbit's
NMR (Schmaltz & Theios, 1972). Specifically, Solomon and
Moore found no differences in the rate of acquisition of the
CR in hippocampals, corticals, and normals to a 76 dB, 1200
Hz tone and a 2-mA shock UCS. Schmaltz and Theios, in
contrast, reported faster conditioning in hippocampal lesioned
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rabbits than in cortical or normal controls. Their study,
however, employed a substantially more salient CS (92 dB,
2000 Hz tone) and a stronger UCS (300 vac shock). Several
empirical investigations (cf., Jarrard, 1973) have indicated
that although hippocampal lesioned animals do not overreact
to moderate stimuli, they do overreact to stimuli that are
well above threshold. Thus the possibility exists that in
the Schmaltz and Theios study the enhanced conditioning
found in hippocampals was due to the relatively strong CS
and UCS employed.
The finding that animals in the blocking groups gave
more CRs during extinction than the sit controls agrees with
Marchant and Moore's (1973) investigation of blocking in
the rabbit NMR preparation. In their experiment, in which
a light was used to block a tone, animals in the blocking
group gave more CRs to light than those in the sit control
groups. The authors attributed this difference to the greater
number of conditioning trials to light in the blocking
groups. Similarly, in the present experiment animals in the
blocking groups received 800 trials in which the tone served
as the CS, whether alone or in compound with the
light,
while animals in the control condition received only 500
such
pairings. Thus the greater number of responses in
extinc-
tion by animals in the blocking groups is
probably due to
the greater number of CS-UCS pairings during
acquisition.
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EXPERIMENT 2
A number of theoretical reviews (e.g., Douglas, 1967;
Kimble, 1968) and numerous experiments have expoused the
view that the hippocampus is essential to conditioned inhi-
bition (CI). Kimble has gone so far as to say that: "...
the mammalian hippocampus, in coordination with the mesen-
cephalic and diencephalic arousal system, is important in
the brain processes operative in those behavioral situations
in which Pavlovian conditioned inhibition is assumed to occur"
(Kimble, 1967, p. 293); and Douglas concludes: "...the hippo-
campus is the site or organ of |^Pavlovian^ internal inhibition"
(Douglas, 1967, p. 435).
The literature is replete with experiments which have
purported to test this idea (see Altman, Brunner & Bayer,
1973; Iziquierdo, 1975; O'Keefe & Nadel, 1974, for the most
recent reviews). These investigations have employed behavior-
al tasks ranging from successive discrimination in a Y maze
to two-way active avoidance learning; yet, incredible as
it may appear, not one has asked the most pertinent question:
What is the role of the hippocampus in Pavlovian conditioned
inhibition? The purpose of the present experiment was to
answer just that question.
Definition and Tests of Conditioned Inhibition
Hearst (1972) and Rescorla (1969) have defined condi-
tioned inhibition while also presenting the operations
necessary to produce and test this phenomenon. By way of
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definition Hearst and Rescorla agree upon the following
points: (a) a stimulus is endowed with conditioned inhibitory
properties as a result of past experience or conditioning,
and (b) as a result of this experience the stimulus becomes
capable of reducing (inhibiting) some ongoing behavior which
is attributed to excitation (or as Hearst puts it: "...develops
the capacity to decrease the performance below the level
occurring when the stimulus is absent.").
The operations necessary to produce a Pavlovian condi-
tioned inhibitor are somewhat complex. Hearst and Rescorla
agree that a stimulus will take on inhibitory properties when
it is negatively correlated with a UCS. There are a number
of behavioral paradigms which conform to this definition
(see Rescorla, 1959, for a review). The most reliable way
to produce CI, however, was initially described by Pavlov
(1927). In this procedure, a CR is first conditioned to two
separate and distinct stimuli: CS^ and CS^. This is followed
by discrimination training in which CS^ is presented alone
and always followed by the UCS (reinforced), while a compound
consisting of CS^ and a third CS, CS^ is presented but never
reinforced. In this way the animal gradually forms the
appropriate discrimination: responding to CS^ and not respon.
ding to the compound of CS^ + CS3. Since in this situation
CS^ is negatively correlated with the UCS, it is expected to
take on the properties of a conditioned inhibitor.
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The mere formation of the discrimination, however, is
not a sufficient reason for concluding that CS^ has become
a conditioned inhibitor. Rather, two specific testing pro-
cedures are required to make this decision. As mentioned
earlier, a conditioned inhibitor must be capable of reducing
some ongoing behavior which is generated by excitatory
processes. To test for this, a combined cue summation test
is employed. This consists of presenting the suspected in-
hibitory stimulus (CS^) together with a known excitatory
stimulus (in this situation CS^) and assessing the suppression
of the CR relative to appropriate controls. If, in fact,
CS^ is inhibitory it is expected that: (a) conditioned
responding to CS^ + CS^ would be less than that to CS^ alone,
and (b) that this difference would exceed that of a control
group which experiences CS^ for the first time in summation
test (i.e., a control for external inhibition).
While the presence of an inhibitory summation effect
is a necessary condition for concluding that a conditioned
inhibitor is present, it is not sufficient. For example,
it is possible, albeit not likely, that prior association
of CS^ with nonreinforcement causes the subject to attend
to the stimulus so intently that when it is put in compound
with an excitatory CS it causes the organism to shift atten-
tion away from the excitor and thus precludes the possibility
of a CR. One way to test for this possibility is to
include
'11
the retardation-of-learning test. Here the suspect inhibitor
is presented and reinforced. If CS3 is truly inhibitory
development of the CR should be retarded compared to a con-
trol group which experiences CS^ for the first time during
retardation testing. If, however, CS^ merely mimics a con-
ditioned inhibitor by attracting the animals attention away
from the excitatory CS during summation test, facilitated
acquisition relative to controls is expected. The assumption
here is that if an organism pays more attention to a stimulus,
conditioning will proceed at a faster rate.
Thus it appears that an inhibitory summation effect
as well as the retardation-of-learning effect are necessary
to conclude that a conditioned inhibitor is present. The
possibility exists, however, that one of these effects may
exist without the other. Table 3 summarizes the conclusions
to be drawn from the combined use of these two assessment
procedures
•
Empirical Investigations of Conditioned Inhibition
Several empirical investigations have employed the
Pavlovian procedure to form a conditioned inhibitor and sub-
sequently tested for CI using the summation and retardation
tests.
Marchant, Mis, and Moore (1972), working in the rabbit
NMR preparation, trained their subjects to discriminate between
a light (CS+) and a light plus tone compound (CS-). Next a
summation test was conducted in which the tone was paired
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TABLE 3
POSSIBLE INTERPRETATIONS OF EXPERIMENTS WHICH
EMPLOY BOTH SUMMATION AND RETARDATION TESTS
Summation Retardation
yes
CS^>CS^ + CS3
Conclusions
Conditioned Inhibition : A
stimulus which is explicitly
unpaired with reinforcement
(CS^) in the presence of an
excitatory stimulus (CS )
becomes capable of reducing
some ongoing behavior which
is attributed to excitation;
hence an inhibitory summa-
tion effect. In addition,
since CS- predicts the non-
occurance of the UCS, experi-
mental animals show retarded
conditioning relative to
naive controls when CS^ is
subsequently paired with the
UCS.
no
CS. =CS. + CS.
yes
CS2< CS^ Naive
Latent Inhibition
:
This is
produced by presenting a CS
alone. The preexposed CS is
thought to lose salience
through a habituation-like
process. Thus in summation
testing it does not detract
from the ability of an exci-
tatory CS to elicit a CR.
Specifically, since CS- is
J
tuned out, the compound of
CS. + CS- is functionally 1
identical to CS, alone. When |
the preexposed cS is paired
with the UCS during retarda- 1
tion testing, acquisition of
j
the CR is retarded relative
j
to controls who do not re-
J
ceive CS preexposures. Again
j
this is due to the preexposed'
animals not attending to the ,
CS.
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TABLE 3 (continued)
Summation Retardation Conclusions
no
CS > CS Naive
External Inhibition : CS
does not become inhibitory
but merely distracts the
organisms attention during
summation test. This is es-
pecially prevalent when CS-
is very salient or novel.
Due to this distraction it
does distract from the abil-
ity of CS^ to yield a CR;
hence an inhibitory summa-
tion effect. Since, however,
the animal is paying more
attention to CS^ than a naive
animal, the opposite of a
retardation effect is found:
the animal given CI train-
ing conditions faster than
the naive control.
no
CS "^CS Naive
Conditioned Excitation : This
is brought about by pairing
a CS with a UCS—the exact
opposite of CI. This leads
to an excitatory summation
effect since both CS^ and CS^
are excitatory. It also
leads to faster conditioning
for the experimental animal
than a naive control in re-
tardation testing since CS^
has received prior pairings
with the UCS.
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with an excitatory noise. The results indicated that the
tone detracted from the ability of the noise to elicit a CR.
Furthermore, when the tone was paired with the eye shock UCS
during retardation testing, acquisition of the CR was deterred.
Other researchers working in the rabbit NMR and eyelid prepara-
tions have reported similar results (Marchant & Moore, 1974;
Rescorla & Wagner, 1972).
Summation and retardation tests have also been used
following Pavlovian discrimination training in the CER
preparation, although not in the same experiment. Zimmer-Hart
and Rescorla (1974) demonstrated an inhibitory summation
effect following training in which a clicker served as the
CS+ and a compound consisting of the clicker and a light
served as the CS-. In an experiment employing a similar
discrimination procedure (Rescorla, 1971) a retardation ef-
fect was produced when the light was subsequently paired with
the shock UCS.
Recent investigations of CI have demonstrated that
stimuli other than lights and tones can also serve as condi-
tioned inhibitors. For example, Tauklis and Revusky (1975)
demonstrated that CI can be produced with odor serving as
the inhibitory CS, and Moore et al., (1973) reported that
electrical stimulation of the brain can serve as a conditioned
inhibitor.
The Hippocampus and Conditioned Inhibition
The most direct evaluation of the role of the hippocampus
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in conditioned inhibition to date was reported by Micco and
Schwartz (1971). in this experiment, rats were trained to
run in a wheel to avoid an unsignalled shock (Sidman avoid-
ance). This was followed by off the baseline Pavlovian
fear conditioning in which a CS+ (tone) was always followed
by footshock while a CS- (light) never was. Finally, a test
was conducted in which rats were once again placed in the
running wheel and the CS+ and CS- were individually presen-
ted. The results indicated that normal animals increased
running speed in the presence of the CS+ and decreased it in
the presence of the CS-. Animals with hippocampal lesions
also showed increased responding in the presence of the tone
but no decrement in running during CS- presentations. The
authors concluded that the decrement in responding to the CS-
in normal animals was due to conditioned inhibition and the
failure to find this effect in hippocampectomized rats was
due to a deficit in CI.
The conclusion by Micco and Schwartz that the hippocam-
pus is critical to conditioned inhibition remains questionable,
however, since the procedures they used to evaluate the
presence of a conditioned inhibitor differ substantially from
those suggested by Rescorla (1969) and Hearst (1972). In
the Micco and Schwartz study "summation testing" consisted
of superimposing the suspected inhibitor (CS-) on a baseline
of responding and inferring inhibition from a decrement in
response rate. Whether this procedure constitutes a valid
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summation test has been seriously questioned in a recent ex-
periment by Reberg (1972). Reberg reported that a stimulus
which appeared excitatory by virtue of a testing procedure
similar to that of Micco and Schwartz, was actually shown
to be inhibitory when a combined cue summation test was con-
ducted. Whether the Micco and Schwartz procedure produced
a conditioned inhibitor in normal animals is questionable,
thereby rendering the data on hippocampal animals difficult
to interpret. Even if the summation test employed by Micco
and Schwartz was valid, the second test of CI, the retarda-
tion test, was still lacking.
The failure to include the retardation test brings about
additional problems in interpretation. For example, in the
Micco and Schwartz procedure three possible outcomes of non-
reinforcement to light are possible: (a) it may become a
conditioned inhibitor, (b) it may attract more than its share
of attention and thereby act as an external inhibitor, or
(c) it may be tuned out (ignored) as in the case of a latent
inhibitor. In the case of normal animals the third possibil-
ity, latent inhibition, may be ruled out. Since the CS-
attenuates wheel running; that is, it has an effect on ongoing
behavior, it must have been attended to. To distinguish be-
tween a conditioned and external inhibitor in the absence of
a retardation test, however, is difficultv if not impossible.
Specifically, the failure to find an inhibitory summation
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effect in hippocampectomized animals is subject to two
interpretations: a reduction or disruption of conditioned
inhibition or a reduction or disruption of external inhibi-
tion. While Micco and Schwartz interpreted their results
as supporting the former, there is substantial evidence to
support thi, idea that hippocampal lesions lead to an increased
resistance in external inhibition. A number of studies
have shown that hippocampectomized animals are less easily
distracted when engaged in goal directed behavior (e.g.,
Hendrickson, Kimble, & Kimble, 1969; Raphelson, Isaacson,
& Douglas, 1965). This being the case, it is possible that
the "inhibitory summation effect" found in normal animals
in the Micco and Schwartz experiment was due to external
inhibition and the failure to find this effect in hippocam-
pectomized rats was the result of a decrement in external and
not conditioned inhibition. The failure to include the re-
tardation test makes it impossible to rule out this possi-
bility.
Thus, the issue of what role, if any, the hippocampus
plays in the formation of a Pavlovian conditioned inhibitor
remains unresolved if not untested. The purpose of the
present experiment was to evaluate the role of the dorsal
hippocampus of the rabbit in the Pavlovian conditioned inhi-
bition paradigm. In this study a conditioned inhibitor was
formed via the method first described by Pavlov (1927).
^8
Since previous work in our laboratory (e.g., Marchant &
Moore, 1974) has shown that this procedure reliably produces
both a summation and retardation effect, it is reasonably
certain that it produces a reliable conditioned inhibitor.
To determine the presence of a conditioned inhibitor, the
present experiment employed two criteria: (a) discrimination
between CS^ and CS^ + CS^, and (b) the retardation-of-learning
test.
Although the pervading thought in the literature is
that the hippocampus is essential to Pavlovian conditioned
inhibition, more careful scrutiny of the operations necessary
to produce this phenomenon lead to a somewhat different
expectation. In the conditioned inhibition paradigm the
animal must discriminate between CS^ and CS^ + CS^. In order
to do this the animal must attend to CS^ ; failure to do this
results in failure to discriminate. If the assumption is
correct that the hippocampus is responsible for tuning out
stimuli not associated with reinforcement, (in this case CS^
since it predicts the nonoccurrence of the UCS), something
the animal clearly does not want to do in this case, then
hippocampal lesions should certainly not hinder, and perhaps
may even facilitate the formation of a conditioned inhibitor.
Relationship of Conditioned Inhibition to Blocking and Latent
Inhibition
Earlier work in the rabbit NMR preparation has shown
that latent inhibition is greatly disrupted by hippocampal
49
lesions (Solomon & Moore, 1975). To explain these data the
authors concluded that the hippocampus is responsible for
tuning out stimuli which have no motivational significance.
In the first experiment of this study we demonstrated that
hippocampectomy disrupts blocking. In the blocking procedure
the animal may cease attending to a redundant cue. This
redundant cue, like a latent inhibitor, does not in itself
predict reinforcement. Thus, it appears that the hippocam-
pus governs the blocking process much in the same way that
it regulates latent inhibition: serving as a nonreinforcement
register and assuring that stimuli which have no motivational
significance are not attended to. In the conditioned inhi-
bition paradigm, however, the situation is somewhat differ-
ent. As in latent inhibition and blocking, a stimulus exists
that does not predict the occurrence of the UCS, but unlike
a preexposed or blocked CS, if the animal tunes out this
stimulus it cannot behave appropriately; that is, it cannot
make the required discrimination. Thus, in conditioned
inhibition, since normals do not tune out the nonreinforced
stimulus, it was expected that hippocampal lesions would not
disrupt the formation of a conditioned inhibitor.
Method
Animals
The animals for this experiment were 27 experimentally
naive male and female New Zealand white rabbits ( Qryctolagus
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cuniculus) weighing between 2.8 and 3.2 kg at the time of
surgery. Each rabbit was randomly assigned to either the
hippocampal (n=9), cortical (n=9) or normal (n=9) condition.
Animals were individually housed and maintained on food and
water ad^ libitum
.
Apparatus and Surgery
The apparatus and surgical procedures were the same
as in Experiment 1.
Procedure
Following suturing of the right NM all animals were
habituated to the restraint of the apparatus for 50 minutes
(Day 1). On days 2-15^ all animals underwent discrimination
training. Each day consisted of 50 light presentations
(6.0 vdc) followed by a 2-mA UCS interspersed with 50 light
plus tone (86 db, 1200 Hz) presentations which were never
followed by the UCS (25 L and 25 LT trials on Day 16). For
the last 50 trials on Day 16 and for 100 trials on Days 17
and 18, retardation testing was conducted. This consisted
of pairing the tone with the eye shock UCS in a conditioning
procedure. Shortly after the completion of retardation test-
ing operated animals were sacrificed by a sodium pentdbarbi-
tol overdose, perfused, and their brains subj ected to the
histological procedures described in Experiment 1.
Results
Following Day 13 of differentiation one animal in
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the cortical group (C-26) died as a result of a broken baclc.
Thus the data for Days 14 and 15 of differentiation and for
all 3 days of retardation testing are based on the remaining
eight cortical lesioned animals. To facilitate data analysis,
differentiation scores for C-26 on Days 14 and 15 were pro-
jected by talcing the average of the three prior days"^.
Similarly, retardation data from animal C-26 was estimated
by taking the mean of the remaining eight cortical animals.
Differentiation
Figure 5 depicts the mean percentage conditioned respon-
ding to tho light (CS+) and the light plus tone (CS-) over
the 15 days of discrimination training for hippocampals
,
corticals, and normals. Examination of the figure indicates
that each group gradually acquired the discrimination over
the training period. More important, however, is the obser-
vation that the difference in responding to the CS+ and the
CS- did not vary as a function of lesion type. An analysis
of variance which treated lesion type as a between groups
variable, and days and trial type as within groups variables
confirmed these observations. Specifically, a significant
trial-type effect was found indicating greater overall respon-
ding to the CS+ than to the CS- (F=29.06, df_=l/24, £(.001).
In addition, these differences in responding increased
1
This procedure for estimating scores in a mixed design is
somewhat unusual (cf., Myers, 1972); however, examination of
the differentiation data indicated that the scores on Days
11, 12, and 13 were the best predictors of the scores on
Days 14 and 15.
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FACE PAGE FOR FIGURE 5
Figure 5. Left Panels: Mean percent conditioned responding
to the light (CS+) and light plus tone (CS-) for
hippocatnpals
,
corticals, and normals over the 15
days of differentiation training. Right Panel:
Mean percent conditioned responding to the tone
for hippocampals
,
corticals, and normals over
the three days of retardation testing.
DIFFERENTIATION RET.
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significantly as discrimination training progressed. This is
evidenced by a significant Trial Type X Days interaction
(F = 12.58, df=14/336, £<.001). Of greatest significance,
however, is the failure to find a reliable Lesion X Trial
Type interaction (F=<1, df=2/24, £).05) confirming the
observation that the amount of responding to either the CS+
or the CS- was not affected by hippocampal or cortical
ablation.
Retardation
The right hand panels of Figure 5 show acquisition
curves for the tone during the three days of retardation test-
ing.
To determine whether lesion type had any effect on
either the total number of CRs emitted during retardation test-
ing or the rate of acquisition of the CR, an ANOVA was per-
formed in which lesion type served as a between groups variable
and days as a within groups variable. Results of the analy-
sis indicated a significant days effect (F^=18.95, df = 2/48,
£ ^.001), but no reliable differences as a function of lesion
type(F=^l, df=2/24 , £^,05) or the interaction of the two
variables (F=1.01, df=4/48, £>.05).
Inspection of Figure 5 indicates that the significant
days main effect resulted from an increase in conditioned
responding as the number of CS-UCS pairings increased. More
important, however, was the failure to find a significant
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lesion main effect. This suggests that neither cortical or
hippocampal lesions affected the total number of CRs emitted
during acquisition of a conditioned response to a stimulus
which had undergone inhibitory training. Finally, although
hippocampals gave fewer conditioned responses on Day 1 than
corticals or normals, and somewhat more CRs on Day 3, these
differences did not prove to be reliable as evidenced by the
failure to find a significant Lesion X Days interaction.
This indicates that, as in the case of the total number of
CRs emitted, the rate of acquisition of the CR does not vary
as a function of lesion type.
As a second index of responding during retardation
testing, the number of trials to reach criterion of 5 or 10
consecutive CRs was computed for the three experimental grou
Table 4 shows these figures. As in the case of the total
number of CRs emitted, analysis of these data suggests that
the tone acquires equal inhibitory strength for hippocampals
corticals, and normals. A one-way ANOVA on the number of
trials to reach 5 consecutive CRs yielded no reliable dif-
ferences between groups (F= < 1, df=2/24, £^.05) as did an
ANOVA on the number of trials to reach 10 consecutive CRs
^I=<^» d^=2/24, £>.05).
Discussion
The Hippocampus and Conditioned Inhibition
The major finding of this experiment, that hippocampec
tomy did not affect the formation of a conditioned inhibitor
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TABLE 4
MEAN NUMBER OF TRIALS TO CRITERION
Hippocampals Corticals Normals
5 Consecutive CRs 88.2 90.2 82.0
10 Consecutive CRs 103.1 102.9 93.8
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is in direct contrast with a number of other reports which
have implicated the hippocampus in conditioned inhibition
(e.g., Douglas, 1967; Kimble, 1968; Micco & Schwartz, 1971).
During the differentiation stage of this experiment,
hippocampals, corticals, and normals all acquired the dis-
crimination at approximately the same rate. In addition, all
animals reached about the same level of discrimination by the
end of Day 15. This finding, at first examination, appears
at odds with prior work which indicated that hippocampals
were not able to tune out and withhold responding to a non-
reinforced stimulus (cf., Douglas, 1972). Kimble (1963)
found hippocampectomized rats to be deficient in learning a
successive discrimination in a Y maze (e.g., turns to the
right reinforced when both arms are black, turns to the left
reinforced when both arms are white), although they had no
difficulty in the acquisition of a simultaneous discrimina-
tion (one arm black, one arm white). To account for the data
in the successive discrimination task, which is analagous
to Pavlovian differential conditioning since only one stimulus
is presented at a time, Kimble argued that the animal could
not inhibit responding to the S- and therefore could not
form the discrimination. In the simultaneous procedure, how-
ever, since both the S+ and S- are present on each trial,
the animal can learn the discrimination strictly by responding
to the S+. The possibility exists, then, that in the simul-
taneous procedure normals tune out the S- through an
habituation-like process; consequently, the animal ceases to
respond to it. In support of this argument, Moore (1974)
presented data to suggest that in a differential conditioning
paradigm (light reinforced, tone nonreinforced ) , the CS-
can undergo a loss of salience as long as the two stimuli
are presented in different sensory modalities. Since prior
work (Ackil et al., 1969; Solomon & Moore, 1975, Experiment 1
of the present study) has indicated that hippocampal lesioned
animals have difficulty in tuning out a CS-, it is not sur-
prising that they have difficulty in acquiring a successive
discrimination. These data also suggest that hippocampals
would be deficient in acquisition of differential classical
conditioning, although this experiment has yet to be done.
What might seem surprising, at least in terms of prior
theoretical accounts, is the finding that hippocampals have
no difficulty in learning a successive discrimination in the
conditioned inhibition paradigm. The CI paradigm, however,
represents a special form of differential conditioning, and
a more careful examination of the operations necessary to pro-
duce this type of discrimination suggests that the findings
of the present experiment are consistent with the earlier work
on successive discrimination. Specifically, in the successive
discrimination or the differential conditioning task tuning
out the CS- enhances the formation of the discrimination. In
the CI task, however, tuning out the CS- (tone), that is,
the stimulus which uniquely predicts the nonoccurence of the
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UCS, would make the discrimination impossible since the light
and light plus tone would then be functionally identical.
Clearly, normal animals do not do this (e.g., Marchant et
al., 1972). As the tone is not tuned out in normal animals,
there is no reason to believe that the hippocampus, or any
other brain structure, is involved in this process. Simply
put, there is no reason to postulate neural mechanisms for
a process which does not occur. It follows then that removal
of the hippocampus should not affect the discrimination be-
tween the light and the light plus tone compound in the CI
paradigm. The results of the present study are consistent
with this prediction.
It is interesting to note that in the rabbit the forma-
tion of a conditioned inhibitor is a much more difficult
task than simple differential conditioning (cf., Moore, 1972;
Marchant & Moore, 1974). One possible explanation for the
relative difficulty in CI is that the animal actually attempt
to tune out the tone early in training. Although there is
presently no behavioral data which reflects upon this argu-
ment, the data from hippocampals suggests that this is not
the case. Specifically, given the possibility that the
tuning-out process does go on early in training and the hypo-
thesis that hippocampectomy disrupts this process, it is
reasonable to assume that hippocampal lesions might actually
facilitate the formation of conditioned inhibition.
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No such facilitation was found in the present experiment.
Although hippocampals, corticals, and normals did not
differ during the differentiation stage of this experiment,
this in itself is not sufficient evidence to conclude that
they can form a conditioned inhibitor. For example, it is
possible that corticals and normals did not respond during
CS- trials as a result of the tone becoming inhibitory.
Hippocampals, alternately, may not have responded due to the
compound as a result of the tone distracting the animals
attention away from the excitatory light, e.g., external as
opposed to conditioned inhibition. (In a similar situation
Solomon and Moore, 1975, reported a tendency for hippocampals
to be more easily distracted.) The retardation-of-conditioning
test was included to test this possibility. If, in fact, the
tone did not become inhibitory in hippocampals, but merely
distracted the rabbit's attention from the excitatory light,
hippocampals should have conditioned faster to the tone than
corticals or normals when it was paired with the eye shock
UCS during retardation testing. This was not the case. Hippo-
campals, corticals, and normals did not differ in the total
number of CRs emitted during testing nor in the number of
trials needed to reach a criterion of 5 or 10 consecutive
CRs. In addition, the rate of acquisition of the CR for ani-
mals in the present experiment is considerably slower than
that of animals which do not receive inhibitory training
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during the differentiation phase (cf., Merchant & Moore,
1974). Thus, the results of both the differentiation and
retardation phases of the present experiment suggest that
the hippocampus is not critical to the conditioned inhibition
process
.
The Cortex and Conditioned Inhibition
In addition to the results from hippocampal animals,
the data which show that cortical lesions do not disrupt
conditioned inhibition are also of interest. Pavlov (1927)
hypothesized that the cortex was the seat of internal inhi-
bition. In regard to this he noted that dogs with partial
neocortical ablation exhibited an augmentation of the CR and
a corresponding weakening of internal inhibition (Pavlov,
1927, p. 324). More recently, however, the role of the neo-
cortex has been examined in the rabbit NMR preparation with
somewhat different results. Oakley and Russell (1972) re-
ported that acquisition of the CR to a tone CS was not altered
in hemi- or decorticate rabbits. Similarly, Norman et al.
(1974) found no decrement in conditioned responding in de-
corticate cats. The results from animals with neocortical
lesions in this experiment and Experiment 1 are consistent
with these reports.
In an attempt to investigate the role of the neocortex
in inhibitory control, Oakley and Russell (1974) examined the
effects of partial or total neocortical ablation on differen-
tial classical conditioning (light reinforced, tone
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nonreinforced). They found no difference in the rate of
acquisition of the discrimination suggesting that the cortex
is not critical to the withholding of the NMR in the presence
of a CS-. In addition, Norman et al, (1974) indicated that
decorticate cats have no difficulty in acquiring a tone
frequency discrimination. A study by Eichenbaum et al.
(1974), however, suggested that an understanding of the role
of the neocortex in differential conditioning may not be
quite this simple. Specifically, they reported that lesions
of the frontal cortex in rabbits greatly disrupted the re-
acquisition of a tone reinforced (90 dB) , tone nonreinforced
(70 dB) discrimination. Similarly, several other researchers
have found that rabbits with frontal cortical lesions are
deficient in the acquisition (Balinska, 1966) and retention
(Balinska, Brutkowski , & Stefanicka, 1966) of a cued go-no go
discrimination. This effect, however, is not readily observed
in the cat (Zielinski & Czarkowska, 1973, 1974). Thus, the
role of the neocortex in differential conditioning remains
somewhat unclear and what role, if any, the cortex plays in
conditioned inhibition remains an empirical question. The
data from the present study, however, suggest that relatively
small neocortical lesions do not disrupt the formation of a
conditioned inhibitor.
Functional Specificity
The findings of the present experiment are in contrast
to the only other published study which attempted to directly
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evaluate the role of the hippocampus in conditioned inhibition
(Micco & Schwartz, 1972) . One possible explanation for this
discrepancy resides in the different methods used to produce
and test for a conditioned inhibitor. These arguments have
been presented in the introduction to this experiment. A
second possibility, however, lies in the locus of the lesion.
In the present study the majority of the hippocampal damage
was limited to the dorsal portions of the structure. Micco
and Schwartz, in contrast, induced electrolytic lesions and
were thus able to destroy both dorsal and ventral hippocampus.
There have been several recent studies, both anatomical
and behavioral, which suggest that there may be functional
specificity along the dorsal-ventral dimension within hippo-
campus. Employing electrophysiological and anatomical tech-
niques, a number of experimenters have indicated that the
ventral hippocampus, by way of the lateral fimbria, projects
to the lateral septal nucleus while the dorsal hippocampus,
via the medial fimbria, projects to the medial septal nucleus
(Anderson, Bland & Dudar, 1973; Edinger, Siegel & Troiano,
1973; Siegel & Tassoni, 1971). In addition, Hjorth-Simonsen
(1971) and Siegel and Tassoni (1971) reported efferents from
ventral hippocampus to subicular and entorhinal cortex.
Fibers to these areas originating in dorsal hippocampus have
not as yet been identified.
Data from behavioral studies also suggest that the
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hippocampus is not a functionally homogeneous structure.
Liss (1968) found that two-way active avoidance (AA)
, a
behavior greatly enhanced by hippocampal destruction (e.g.,
Olton & Isaacson, 1968), was also augmented by lesions
limited to the ventral hippocampus or lateral fornix. Van
Hoesen et al. (1972) reported enhanced acquisition of AA
following sectioning of the fimbria-fornix complex but not
following entorhinal damage. Finally, Rabe and Haddad (1969)
found facilitated AA with total hippocampal lesions but not
with those limited to the dorsal or ventral portions.
Complex maze learning, a behavior greatly disrupted
by hippocampectomy (e.g., Jackson & Strong, 1969), has also
been examined in animals with partial hippocampal damage.
Gross, Chorover, and Cohen (1965) reported that ventral
lesions impaired acquisition of a Hebb-Williams maze while
dorsal lesions had no such effect. In direct opposition,
Hughes (1965) found disruption of maze learning following
dorsal but not ventral destruction.
Nadel (1968) reported that CER acquisition was retarded
by both dorsal and ventral lesions, while the rate of habit-
uation of an exploratory response was only decreased by
ventral damage.
Stevens and Cowey (1973), in an extensive series of
experiments, found that ventral lesioned animals were ham-
pered in spatial probability learning, lever alternation, and
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spontaneous alternation, while dorsal lesioned rats only
showed deficits in spontaneous alternation. Based on these
data the authors concluded that the dorsal hippocampus was
involved in behavioral habituation while the ventral portions
mediated hypothesis testing (e.g., the ability to shift
strategies).
While the data from these studies do not uniquivocally
delegate one function to the dorsal hippocampus and other
functions to the ventral portion of the structure, they do
suggest that the different portions control different types
of behavior. Thus the possibility that the ventral hippo-
campus plays a role in CI, even though the dorsal hippocam-
pus does not, remains an interesting and testable question.
GENERAL DISCUSSION
The major findings of the present study are: (1) dorsal
hippocampal ablation eliminated blocking of a light by a
tone in Kamin's two-stage paradigm, and (2) hippocampectomy
did not affect the formation of a Pavlovian conditioned
inhibitor. Taken together these findings support the Douglas
(1972) model of the limbic system which states that the
hippocampus is part of a neural system whose purpose is to
assure that the organism does not attend to stimuli which
have no motivational significance. More specifically, the
Douglas model assumes that the hippocampus receives infor-
mation that a potential CS has been received and whether it
is followed by reinforcement. In the event that the CS is
not reinforced, the hippocampus discharges downward and
inhibits the midbrain areas involved in the reception of
that stimulus.
Douglas' model is especially attractive for several
reasons. First, it is capable of accounting for much of the
behavior observed in animals with hippocampal lesions (cf.,
Douglas, 1972). Second, unlike prior theoretical statements
on the role of the hippocampus in inhibition (e.g., Kimble,
1968), it specifies a mechanism whereby the hippocampus
comes to exert an inhibitory influence over certain behaviors.
Third, and perhaps most important, it presents a neural
system which may control these behaviors, namely the hippo-
campal-midbrain system.
Possible Neural Mechanisms Involved in the Tuninq-Out Process
There is a reasonable amount of data which supports
the idea that the hippocampus, in conjunction with the midbrain
arousal centers, governs the process whereby redundant or
irrelevant stimuli lose control over behavior. Beginning
with two elegant studies by Nauta (1956, 1958), several ana-
tomical reports have indicated a direct relationship between
the hippocampus and midbrain.
The primary hippocampal efferent, the fornix, splits
into a pre- and postcommissural branch at the level of the
anterior commissure. Fibers leaving the precommissural fornix
enter the septum and then continue on to the midbrain via
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two separate paths. First, they may project via the stria
medullaris to the medial habenular nucleus. From the habenul
they continue in the fasciculus retroflexus to the inter-
peduncular nucleus or the dorsal tegmental nucleus of the
central midbrain gray (Nauta, 1956, 1958; Valenstein & Nauta,
1959). Alternatively, fibers may leave the septum and
travel in the medial forebrain bundle, traversing the lateral
hypothalamus, and terminating in several midbrain areas
including the interpeduncular nucleus, the ventral tegmental
area of Tsai, and the dorsal tegmental nucleus. The post-
commissural fornix also projects to the midbrain. This path,
however, turns ventralward prior to reaching the septum to
synapse in the mammillary bodies which in turn send axons
to the dorsal and ventral tegmental nuclei via the mammillo-
tegmental tract (Guillery, 1956; Nauta, 1956).
To reciprocate these limbic-midbrain connections, Nauta
(1958) has reported a midbrain-limbic path which originates
in the central gray and projects to the hypothalamus.
Other investigators have reported fibers which originate
in the dorsal and ventral tegmental nuclei and project to
the mammillary bodies, lateral hypothalamus, and medial septum
(Guillery, 1956; Morest, 1961; Nauta & Kypers, 1958). The
projections from the septum to the hippocampus are, of course,
well documented (e.g., Raisman, Cowan, & Powell, 1965).
Behaviorally , there is evidence to suggest that many
of the same effects found following hippocampal damage are
also present after lesions of other structures in the li.bic-
midbrain system. Altman, Brunner, and Bayer (1973) and
Fried (1972) have pointed out the behavioral similarities
found following lesions of the septum and those of the hippo-
campus. Thomas (1971) compared lesions of the fornix and
hippocampus and found that both impaired retention and relearn
ing of a complex maze. Lesions of the fornix have also been
shown to alter position reversal and spontaneous alternation
(Green & Stauff, 1974; Hirsch & Segal, 1972). In addition
Alvarez-Palaez (1973) reported that fimbria-fornix damage
enhanced the acguisition of a two-way avoidance task. Olton
and Isaacson (1968) reported similar results following hippo-
campal ablation.
Although comparatively little attention has been paid
to the habenula, Van Hoesen et al. (1969) reported that
lesions of both septum and habenula enhanced active avoidance
and produced greater resistance to extinction. Thus it appear
that disrupting the paths by which the hippocampus communi-
cates with the midbrain reproduces many of the effects found
after hippocampal destruction.
Several recent investigations have examined the role
of the limbic-midbrain projection areas in the control of
behavior. In general, these studies have indicated the dis-
rupting midbrain areas which receive hippocampal input produco
effects which are in many ways similar to those found follow-
ing hippocampal destruction.
68
Isaacson (1972) reviewed a series of studies which
indicated that penicillin injected into hippocampus produced
a disruption of active avoidance learning, the opposite
effect of that found when the hippocampus is removed.
Isaacson hypothesized that this effect was due to seizure
discharges produced by the penicillin. Hamilton and
Isaacson (1970) investigated the effects of penicillin placed
directly ir.to various midbrain sites. The authors reported
that the greatest disruption of active avoidance was found
following application of penicillin into the ventral tegmen-
tal area. Interestingly, this is not only one of the primary
limbic-midbrain areas, but also the site reported to receive
the propagation of limbic seizures (Goodfellow & Neimer, 1961)
Lewis and Shute (1967) and Shute and Lewis (1967)
mapped both the ascending cholinergic system and the cholin-
ergic reticular system. In general, their data show that
fibers originating in the ventral tegmental area and ascend-
ing via the mammillary peduncle to the lateral hypothalamus
are cholinergic. In addition, projections from the lateral
hypothalamus to the septum, and from the septum to the
hippocampus are also cholinergic. Given these findings it
would appear that a blockade of the cholinergic system would
mimic the effects of hippocampal lesions by functionally
dissociating the hippocampus from the midbrain. There is
substantial evidence to support this view. Carlton and his
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associates (see Carlton, 1968, for a review) for example,
have shown that scopolamine disrupts habituation to a novel
environment, an effect also found following hippocampectomy
(cf., Jarrard, 1973). Similarly, Oliverio (1967) reported
that systemic scopolamine injections disrupted latent inhi-
bition in a shuttle box. Once again, similar results were
found in hippocampectomized rats (Ackil et al., 1969).
Scopolamine injections have the same effect on two-way avoid-
ance (Suits & Isaacson, 1968) and spontaneous alternation
(Douglas, 1966) as does hippocampal ablation. Racine and
Kimble (1965) reported that hippocampal ablation disrupted
delayed spatial alternation. White (1974) reported similar
findings following systemic administration of either atropine
or scopolamine. Finally, Warburton (1972) found that
atropine cannulated directly into ventral hippocampus disrup-
ted acquisition of a go-no go discrimination in rats. Atropine
applied directly to the ventral tegmental nucleus produced a
similar effect (Warburton & Russell, 1969).
Thus there appears to be a substantial literature that
suggests that the hippocampus controls the tuning out of
irrelevant stimuli by exerting an inhibitory effect on various
portions of the midbrain. Most of this evidence, however, is
indirect. To this point few studies have directly compared
the effects of hippocampal damage with those following damage
to various limbic-midbrain areas. The results of Experiment 1
of the present investigation suggests that blocking is one
behavior which is greatly disrupted by hippocampal lesions.
Although it appears that the limbic-midbrain system is the
logical candidate for the control of blocking, it remains
an empirical question as to whether midbrain lesions or
lesions of the various paths between the hippocampus and
midbrain would produce a similar disruption.
Relationship of the Tuninq-Qut Theory to Other Theories of
Hippocampal Function
The present research supports the idea that the hippo-
campus is involved in inhibitory functions in the broadest
sense of the term. Merely stating that a lesion produces
a deficit in inhibition, however, may not be very useful in
terms of understanding the functions of a particular neural
structure or system. It is relatively easy to interpret
post hoc ar.y lesion induced change in behavior in terms of a
deficit in inhibition. The present study, however, goes
one step further in attempting to specify the nature of the
inhibitory deficit in terms of a failure to tune out irrele-
vant stimuli.
Other theories which have ascribed an inhibitory role
to the hippocampus, however, have attempted to specify the
deficit in somewhat different terms.
One early hypothesis, the perseveration hypothesis (se
Douglas, 1967), simply stated that hippocampectomized animal
tended to respond in a previously established manner even
though it was no longer appropriate. This hypothesis can
nicely explain the data which indicates that hippocampectomized
rats exhibit more responding in extinction (e.g., Niki, 1965),
or that th3Y cannot switch from a CRF to a DRL schedule of
reinforcement (e.g., Clark & Isaacson, 1965) even though
they can learn the DRL if trained on this schedule from the
outset (Schmaltz & Isaacson, 1966). It can also account for
the failure of hippocampectomized animals to show reversal
learning (e.g., Olton, 1972). The perseveration hypothesis,
however, has some difficulty handling data from Experiment 2
of the present study. In this experiment all animals init-
ially showed a high level of responding to the CS-, but over
the course of training cease to respond to this cue. The
perseveration hypothesis provides no mechanism for this
shift in behavior.
A refinement of the perseveration hypothesis, the idea
that hippocampals do not have the ability to shift hypotheses,
has recently been presented by Isaacson (1974). In support
of this Isaacson and Kimble (1972) reported that hippocampec-
tomized rats generated fewer hypotheses and maintained these
for longer periods of time than controls while learning a
successive discrimination. As in the case of the persevera-
tion theory, however, Isaacson's theory has some difficulty
in accounting for the data on conditioned inhibition.
Still another offshoot of the inhibitory theory states
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that hippocampals perseverate only in situations which involve
spatial as opposed to visual cues (e.g., Cohen, Laroache, &
Beharry, 1971; Sammuels, 1971). In regard to this, O'Keefe
and Nadel (1974) have recently proposed a theory which states
that the hippocampus subserves the function of a cognitive
mapping system of the environment. Specifically, the
authors proposed that the hippocampus represents a framework
in which all stimuli that the animal attends to are represen-
ted. As the animal moves through its environment the hippo-
campus provides continual predictions as to what it will
encounter. If one of these predictions is not verified, a
"mismatch" is registered and the animal ceases (inhibits)
its ongoing behavior and directs its attention toward the
incongruity. This theory has received some support at both
the behavioral and electrophysiological levels (see Nadel &
O'Keefe, 1974); but it is difficult to see how a spatial
deficit could explain the data from the present experiments
since in the NMR preparation the animal is totally restrained
and stimuli are always presented in exactly the same place.
The acquisition data from Experiments 1 and 2 are gen-
erally consistent with other accounts from the animal liter-
ature (cf., Douglas, 1967; Isaacson, 1972, 1974) in that they
lend little support to the notion that the hippocampus is
involved in memory. Since no deficit in acquisition of a
CR to a tone CS (Experiment 1), a light CS (Experiment 2), or
a compound consisting of both (Experiment 1) was observed in
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hippocampals, it is unlikely that these animals had any dif-
ficulty in remembering the relationship between the CS and
UCS over trials or days. These stimuli, however, may all
be classified as excitatory and it is possible that hippo-
campal lesions do not disrupt all memories, but just those
concerning stimuli which are not reinforced.
The results of Experiment 2 indicated a slight tendency
for hippocampals to respond more to the nonreinforced light
plus tone CS at the beginning of each day (first block of
20 trials) than at the end of the previous day (fifth block
of 20 trials) when compared to corticals and normals. This
effect was especially prevalent when hippocampals first
started to discriminate between the CS+ and CS- (Days 7, 8,
& 9). An analysis of these data, however, indicated that
the differences between the groups did not approach statis-
tical significance. It is possible that the enhanced spon-
taneous recovery of responding to the CS- in hippocampals
reflects a heightened state of emotionality rather than a
memory deficit. We have observed that some hippocampal le-
sioned rabbits appear more emotional than cortical or normal
controls. While this condition does not affect the excitatory
conditioning process, it may well disrupt the more labile
inhibitory process which is especially vulnerable when a
conditioned inhibitor is first being formed. This heightened
emotionality may cause hippocampals to take somewhat longer
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to adjust to the restraint of the apparatus at the beginninq
of each session, this leading to a temporary disruption of
the inhibitory process.
Possible N^ eural Mechanisms Involved in Conditioned Inhibition
The results of Experiment 2 indicated that dorsal
hippocampais
,
corticals, and normals all formed a conditioned
inhibitor .it about the same rate. Since these data contra-
dict the p.'rvadinc] thought in the literature by indicating
that the hippocampus is not critical to the conditioned in-
hibition process, one important question becomes what neural
mechanisms or structures are critical to this behavior.
Mis (1975), in his doctoral dissertation, conducted a
series of studies examining the role of various midbrain struc-
tures in the rabbit on Pavlovian conditioned inhibition.
In one experiment he induced lesions in several midbrain sites
and found that the greatest disruption of CI occurred follow-
ing damage to the interstitial nucleus of Cajal, the nucleus
of Darkschewitsch , and the parvocellular portion of the red
nucleus. It is interesting that these portions of the mid-
brain are anterior to the limbic-midbrain projection areas.
Thus it is possible that structures outside the limbic system
govern the process of conditioned inhibition. One such area
may be the frontal cortex.
Leonard (1969) working in the rat, found evidence that
the dorsomedial frontal cortex projects to a number of midbrain
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areas including the area immediately beneath the posterior
commissure. Black and Myers (1962) reported a path in the
monkey between the frontal cortex and the nucleus of Dark-
schewitsch. It may be no coincidence that it is precisely
these midbrain areas that were critical to the formation
of a conditioned inhibitor in Mis' study.
Several investigators have found deficits in behaviors
thought to be under inhibitory control following ablation
of the dorsomedial frontal cortex. For example, a recent
study by Nonneman, Voight, and Kolb (1974) indicated that
lesions of the dorsomedial frontal cortex led to deficits
in spatial reversal, spatial probability, and DRL learning.
Konorski (1972) reviewed a substantial body of literature
which indicated that dorsomedial frontal cortex ablation in
dogs led to deficits in go-no go discrimination tasks. Sim-
ilarly, Eichenbaum et al. (1974) reported that total frontal
ablation led to deficiencies in the retention of differential
conditioning of the rabbit's NMR.
It appears, then, that the frontal cortex, like the
hippocampus, has been implicated in the inhibitory process
(see Brutkowski, 1965, for a review of the earlier literature).
P'urthermore, the anatomical evidence indicates that the dorso-
medial frontal cortex sends efferents to the midbrain areas
which seem to govern conditioned inhibition. A determination
of what role, if any, the frontal cortex plays in conditioned
:ex
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inhibition, however, must await further research.
In addition to the possibility that the frontal cort(
is involved in conditioned inhibition, there also exist;
the possibility that the ventral hippocampus plays a role
in this process. There is even some data to suggest that
the two structures might actually work together in the con-
trol of certain behaviors. This is anatomically feasible
since in both the rabbit (Adey, 1957) and monkey (Nauta, 1972)
the frontal cortex projects to the juxtahippocampal cortex.
At the behuvioral level, Nonneman et al. (1974) reported
that total hippocampal ablation produced some of the effects
found after frontal damage, while Campbell, Balantine, and
Lynch (1971) reported data to suggest that the hippocampus
may play a role in the recovery of function following frontal
ablation. To this point, however, there are no studies which
have direci ly compared the effects of ventral hippocampal
and frontal lesions.
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Appendix A
Conditioned Responding for each animal during the
three phases of Experiment 1
Table 1
Conditioned Responding to Tone During Stage 1
GROUP SUBJECT DAY 1 DAY 2 DAY 3 DAY 4 TOTAL
H6 67 1 nn 266
H7 1 nn 283
HIO 71 1 on 266
Hll 61 99 99 259
H13 73 95 98 266
X 71.4 97.4 99.2
C4 0 12 82 96 190
C5 77 99 99 275
C7 75 95 100 270
C9 8 94 99 201
CIS 61 92 95 248
X 44.2 78.4 95.0 96
N-BLO Nl 67
N2 40
N3 73
N4 2
N9 90
I X 54.4
100 99 — 266
100 98 — 238
100 100 — 273
98 100 -- 200
83 100 96 369
96.2 99.4 96
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Table 2
Conditioned Responding to Light + Tone During Stage 2
GROUP SUBJECT DAY 1 DAY 2 DAY ^ DAY 4
H-BLO H6
H7
HIO
Hll
H13
X
95
99
100
100
92
97.2
DAY 5 TOTAL
100 100 100 100 495
100 100 100 100 499
100 100 100 100 500
95 91 100 100 486
93 82 98 98 463
97.6 94.6 99.6 99.6
C-BLO C4 99 100 99 95 98 491
C5 100 96 100 99 99 494C7 100 100 99 100 100 499C9 99 100 98 100 100 477
C15 97 95 99 100 98 489
X 99.0 98.2 99.0 98.8 99.0
N-BLO Nl 98 99 95 100 100 492
N2 98 100 98 100 100 496
N3 97 100 100 100 99 496
N4 99 100 100 100 100 499
N9 100 93 100 100 100 493
X 98.4 98.4 98.6 100 99.8
H4 26 63 99 98 99 385
H8 47 100 100 100 100 447
H14 31 99 98 94 96 418
H15 88 98 99 99 99 402
H16 87 98 100 100 99 484
X 55.8 91.6 99.2 98.2 98.6
C3 84 100 80 97 97 458
C6 87 98 100 100 99
.
484
Cll 73 100 100 100 100 473
C12 51 91 98 98 96 434
C13 96 87 99 100 98 480
X 78.2 95.2 95.4 95.6 98.0
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Table 2 (continued)
GROUP SUBJECT DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 TOTAI,
N5 40 95 100 99 100 434
N6 78 100 99 100 97 4 74
N7 0 62 100 100 100 362
N8 11 100 100 100 100 411
NIO 59 100 94 93 98 444
X 37.6 91.4 98.6 98.4 99.0
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Table 3
Conditioned Responding "f" 0 T • T +" and Tone During The
Test P A Q1 1 a 0 c
GROUP SUBJECT DAY 1 DAY 2 RATIO
LIGHT TONE LIGHT TONE L/L+T
H RT nn oi-jw n D 42 44 13 A 0
H7 41 42 49 50 .49
HIO c.r\DU 47 40 t; A
30 12 26 .42
H13 36 Q1/ .JO
V 4
ID 41 11 34
. ^ 0
cs Q 24 24 .20
C7 45 4 50 07
on 50 21 50 .29
C15 1 Q 47 ID 4ft . D
X a ^ 1
N — tSJ-jU M '^IM i 2. 48 5 f) 7
111
1
36 38 .24
N3 I 42 c 30 .04
49 U 48 .02
N9 c. 1 48 Q 41 .25
X . 12
It C XT'n —0 1
1
OQ 31 2 7 -49
no "5 A 26 on 35 .47
H14 "5 "500 41 1 i 9 .47
H15 1 Q 22 62 .49
H16 Qy 19 U 0 .33
X .45
C-SIT C3 44 38 31 28 .54
C6 46 47 45 47 .49
Cll 36 47 10 14 .43
C12 2 0 5 8 .47
C13 23 33 18 32 .39
X .46
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Table 3 (continued)
GROUP SUBJECT DAY 1 DAY 2 RATIO
i-j
-Lvjn i. LiIGHT TONE L/L+T
N-SIT N5 25 20 23 35 .46
N6 7 7 12 21 .40
N7 10 42 6 17 .21
N8 15 49 27 48
.30
NIO 36 41 35 46 .45
X
.36
Appendix B
Conditioned responding for each animal during
differentiation and retardation in Experiment 2
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Table 2
Conditioned Responding to Tone During Retardat
GROUP SUBJECT
ion Testing
TOTAL
H20
H21
H22
H23
H24
H25
H26
H27
H30
X
1
13
31
0
0
0
1
2
5
5.9
34 98 133
80 98 191
86 100 217
66 100 166
24 98 122
37 99 136
87 97 185
100 97 199
78 100 183
65.8 98.6
c C16 1 0 10 11C18a 0 84 94 178
C18b 0 2 96 98C19 0 63 99 162
C20 42 100 100 242
C22 40 89 70 199
C23 35 98 99 232
C24 42 94 93 229
C26(x) 20 66 83 169
X 20.0 66.2 82.7
Nl 48 65 94 207
N2 33 98 83 214
N3 0 60 98 158
N4 1 51 96 148
N5 1 6 33 40
N6 0 30 94 124
N7 45 96 97 238
N9 10 66 99 175
NIO 30 98 100 228
X 18.7 63.3 88.2
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Table 3
Number of Trials to Reach Criteri
During Retardation Testing
GROUP SUBJECTS 5 CONSECUTIVE CRs 10 CONSECUTIVE CRs
H H20 66 94
H21 128 133
H22 25 30
H23 91 96
H24 140 163
H25 132 162
H26 85 113
H27 55 60
H30 72 77
X 88.2 10 3.1
C C16 170 175
C18a 257 2 78
ClBb 160 165
C19 84 122
C20 13 30
C22 6 11
C23 21 26
C24 11 16
C26(x) 90 103
X 90.2 102.9
N Nl 5 10
N2 25 30
N3 117 122
N4 105 110
N5 215 259
N6 127 132
N7 5 10
N9 100 12 7
NIG 39 44
X 82.0 93.8
Appendix C
Results of the Statistical Analysis Performed
in Experiment 1
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Table 1
ANOVA on the L/L+T Ratios Generated During the Test Phase
SV DF MS F
Lesion Type (L) 2 1,062.5 14. 59**
Sit vs Block (T) 1 1,984.5 27.23»*
L X T 2 496.5 6.82*
S/LT 24 72.8
• p <.005
p <.001
Table 2
ANOVA on the L/L+T Ratios Generated During The Test Phase
—
Simple Effects
SV DF MS F
Hippocampal
vs. Normal (L)
Sit vs Block(T)
L X T
S/LT
1
1
1
12
2, 121.8
720.0
719.2
72.8
29.15**
9.89*
9.88*
• p < .01
p < .001
SV DF MS F
Hippocampal vs
Control (L)
Sit vs Block (T)
L X T
S/LT
1
1
1
12
768.8
605.0
768.8
72.8
10.6**
8.31*
10.6**
• p <.025
p < .01
SV DF MS F
Cortical vs Normal (L) 1
Sit vs Block (T) 1
L X T 1
S/LT 12
460.8
2,976.8
0.8
6.33*
40. 89**
<1
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Table 3
ANOVA on the Number of CRs Emitted During Days 1 and 2
of Tone Acquisition
SV
Lesion Type (L)
S/L
Blocks (B)
B X L
SB/L
DF MS
2
12
9
18
108
2,232
5,383.9
9,095.4
406.8
381.6
<1
23.83*
1.06
•p <.001
Table 4
ANOVA on the Number of CRs Emitted During Days 1 and 2
of Light Plus Tone Acquisition
SV DF MS F
Lesion Type (L) 2 7,413.2 2.21
S/L 12 3,354.8
Blocks (B) 9 11, 120.3 20.48*
B X L 18 714.8 1.32
SB/L 108 543.0
*p < .001
Table 5
ANOVA on the Number of CRs Emitted to Tone During the
Test Phase
SV DF MS F
Lesion Type (L) 2 502.4 1.02
Sit Vs Block (T) 1 2,920.5 5.91*
L X T 2 405 < 1
S/LT 24 493.9
•p ^ .025
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Appendix D
Results of the Statistical Analysis Performed in Experiment 2
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Table 1
ANOVA on the Differentiation Scores
DF MS
Lesion Type (L) 2 1,603.3
r
< 1S/L 24 7 API f;
CS+ vs CS- (T) 1 117,481.5 29.06*
L X T 2 62.3 <1ST/L 24 4,042.9
Days (D) 14 26,811.4 35.01*
L X D 28 419.4 <1SD/L 336 765.8
T X D 14 2, 195.6 12.58*
L X T X D 28 163.2 <1
STD/L 336 174.5
•p < .001
Table 2
ANOVA on the Percentage of CRs Emitted During Retardation
Testing
sv DF MS F
Lesion Type (L) 2 163.2 <1
S/L 24 1, 178.2
Days (D) 2 24,647.8 18.95*
D X L 4 1,314.3 1.01
SD/L 48 1,300.7
•p < .001
Table 3
ANOVA on the Number of Trials to Reach 5 Consecutive CRs
SV DF MS F
Lesion Type (L) 2 165.4 <1
S/L 24 4,560.6
Table 4
ANOVA On the Number of Trials to Reach 10 Consecutive CRs
SV DF MS F
Lesion Type (L) 2 255.2 <1
S/L 24 5,396.0


